Influences of solar ultraviolet radiation on early life history stages of the bluegill Lepomis macrochirus by Gutierrez-Rodriguez, Carla
Lehigh University
Lehigh Preserve
Theses and Dissertations
1997
Influences of solar ultraviolet radiation on early life
history stages of the bluegill Lepomis macrochirus
Carla Gutierrez-Rodriguez
Lehigh University
Follow this and additional works at: http://preserve.lehigh.edu/etd
This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an
authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.
Recommended Citation
Gutierrez-Rodriguez, Carla, "Influences of solar ultraviolet radiation on early life history stages of the bluegill Lepomis macrochirus"
(1997). Theses and Dissertations. Paper 484.
Rodriguez, Carla
Gutierrez
"Influences of
Solar Ultraviolet
Radiation on Early
"'-"
Life History
Stages of the
Bluegill ...
June 1,1997
"Influences of solar ultraviolet radiation on early life history
stages of the bluegill Lepomis macrochirus"
by
Carla Gutierrez Rodriguez
A Thesis
Presented to the Graduate and Research Committee
of Lehigh University
in Candidacy for the Degree of
Master of Science
in
Environmental Sciences
Lehigh University
May 1997

ACKNOWLEDGMENTS
I thank my advisor Dr. Craig E. Williamson for his ideas,
suggestions and specialIy for the unconditional support he has
given me since I met him. I also appreciate the comments and
suggestions that the members of my committee Dr. Bruce R.
Hargreaves and Dr. Donald P. Morris provided to improve this work.
Dr. Hargreaves assisted me on the calculations of the total
cumulative dose of ultraviolet radiation. Dr. Robert E. Moeller
performed the HPLC analysis of UV absorbing compounds and
revised the manuscript contributing with useful comments.
I am greatful with Shira Gertz for providing invaluable aid in
the field work, Janice Poopich and the Lacawac Sanctuary, Robin
Wildermuth and Blooming Grove Hunting and Fishing Club for their
logistic support and access to the lakes. Susanne L. Metzgar, Dina
M. Leech, Christopher L. Osburn, Kresge G. Kathleen helped and
supported me in the field.
Oscar Rlos,;,Cardenas provided with assistance and
suggestions in the field and in the statistical analysis, Rogelio
Macias-Ordonez contributed with comments on the experimental
iii
design and on the manuscript, and Martin L. Richter guided me in
the statistical analysis.
During this study I was supported by the Fulbright/Garcla-
Robles/CONACYT fellowship. The field work was aided by a Grant-
in-Aid of Research from Sigma Xi, The Scientific Research Society
and by a PCLP Grant from the Department of Earth and
Environmental Sciences of Lehigh University.
Este trabajo se 10 dedico a Oscar quien con su comprensi6n,
compania, apoyo y sobre todo con su gran amor ha hecho de esta
nueva etapa de mi vida (en pareja) algo maravilloso.
A mis papas Rogelio y Eloisa, quienes han sido mi mejor
ejemplo, quiero agradecerles el incondicional apoyo que toda la
vida me han dado y que siempre me ha ayudado a salir adelante. A
mi hermana EloIsa Ie agradezco el acercamiento que hemos tenido,
a pesar de que la distancia f1sica sea mayor.
iv
TABLE OF CONTENTS
ACKNOWLEDGMENTS iii
LIST OF TABLES -.............. vii
LIST OF FIGURES I X
ABSTRACT.............................................. 1
INTRODUCTION 3
METHODS................................................ 9
Lakes of study I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 9
Light measurements . . . . . . . . . . . . . . . . . . . 10
Nest depth distribution 11
Transplant experiments . . . . . . . . . . . . . . . . . . . . . . . 12
Larval development in the nests 15
v
RESULTS ~ .
Light measurements .
Nest depth distribution .
Transplant experiments .
Larval development in the nests .
DISCUSSION I •••• I •••••
Nest depth distribution .
Larval mortality in lakes with high and low UV
penetration .
Predictions
Larval development .
LITERATURE CITED .
APPENDIX 1 .
APPENDIX2 .
VITA .. II II •••••••••••••••••• 11.11 II," II ••••• II •• II' •••
vi
18
18
19
19
22
33
33
36
39
42
45
52
55
58
LIST OF TABLES
Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9
................................................
.......... ',' .
vii
23
24
27
28
30
31
32
44
54
Table 10
viii
56-57
LIST OF FIGURES
Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
ix
16
17
25
26
29
ABSTRACT
Natural fluxes of UV-B radiation across latitudes, altitudes
and depths in the water column of aquatic ecosystems are an
important selective force for organisms habitating such
ecosystems. The purpose of this study was to examine the effects
of UVR on the success of the early life history stages of the
bluegill Lepomis macrochirus in lakes Lacawac and Giles.
In order to assess this idea, three hypothesis were developed:
1) Sunfish construct nests at deeper depths in lakes with high
underwater UV environments than in lakes with low UV
environments, 2) When exposed to similar amounts of UV, larvae
from lakes with high UV environments have lower mortality than
those from lakes with low UV penetration, 3) In high UV
environments sunfish larvae are exposed to lower temperatures
and consequently have longer development times. These hypothesis
were tested by performing a survey of the nesting depths in the
lakes, monitoring temperature and development times of the young
in the nests, and by measuring larval survival in three experiments
in which ambient sunlight was manipulated.
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The depth distribution at which bluegills construct their
nests was slightly greater in Giles (high UV environment) than in
Lacawac (low UV environment). Larvae responded similarly to light
exposure regardless of the lake of origin. The most exposed
treatment (full UV and visible light) presented the highest
mortality, and the least exposed treatments (dark controls and UV
shielded) the lowest mortality. The similarity of larval
survivorship between the treatment that removes all UVR and the
one removing just UV-B suggests that the damage is caused by UV-
B rather than UV-A. Depth of larvae incubation had an effect on
larval survival: larval mortality decreased with depth. The water
temperature in the experiments and in the nests was similar. The
development time of the bluegills of both lakes was 10 days at
22°C. Shallow nests in Giles are exposed to levels of UV-B that
caused larvae mortality in experimental incubations.
These results suggest that UV-B in UV transparent lakes has
an important negative effect on the success of early life history
stages of bluegills.
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INTRODUCTION
Recent evidence of stratospheric ozone depletion has led to
concern about the exposure of living organisms to high levels of
ultraviolet radiation (UV-B: 280-320 nm, UV-A: 320-400 nm)
(Bojkov et al. 1990, Roy.et al. 1990, Madronich 1993).
Consequently, the number of studies related to damage by
ultraviolet radiation (UVR) has increased, particularly on aquatic
organisms (Karentz et al. 1994, Williamson et al. 1994,
Williamson & Zargarese 1994.).
Even at mid latitudes, freshwater lakes may be affected by
UVR (Morris et al. 1995). Underwater UV environments differ
depending on the optical properties of the body of water,
particularly the amount of dissolved organic carbon (DOC) (Morris
et al. 1995). Hence, UV penetration will generally be greater in
lakes with lower DOC concentrations than in those with higher
amounts of DOC. Attenuation depths (1 % of surface irradiance) for
UVR vary among lakes, from a few centimeters in lakes with high
DOC to more than 10m in lakes with low DOC (Williamson et al.
199B).
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Independent of recent increases in UV-B, natural fluxes of
UVR across latitudes, altitudes and depths in the water column are
an important selective force for the different components of
aquatic organisms ranging from bacteria and phytoplankton
(Karentz et al. 1994) to zooplankton and fish (Siebeck et al.
1994; Williamson 1995, Williamson et al. in press). Field and
laboratory studies have shown that aquatic and marine organisms
can have behavioral and physiological mechanisms to decrease UVR
damage (Bollens & Frost 1990; Cullen et at 1992). However, very
little is known about the effects of ultraviolet solar radiation,
including the biological responses that higher trophic levels, such
as fish, have developed (Siebeck et al. 1994).
Some laboratory studies have demonstrated that fish eggs
and larvae exhibit lethal or detrimental responses when they are
exposed to artificial UV-B radiation (Eisler 1961, Hunter et al.
1979, Hunter et al 1981). Nevertheless, little is known about the
effects of damaging solar radiation on the different life history
stages of fish, and about the tactics that have been· selected to
avoid such damage, in natural environments. Williamson et al. (in
press) found that yellow perch (Perea flaveseens ) spawn deeper in
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a lake with high UVR than in one with low UVR.
The sunfish Lepomis macrochirus (Pisces: Centrarchidae) is
an important component of freshwater ecosystems. This sunfish is
mainly distributed in eastern and central North America. It is
usually found in small lakes, ponds and slow moving streams (Scott
& Crossman 1971). Spawning takes place in late spring to mid-
summer with a peak in early July. When water reaches 20°C, the
male builds the nest in shallow water, usually at depths of 60 cm
near shore. Nests are depressions in the substrate of 45-60 cm in
diameter, located in areas with submerged vegetation, often in
high numbers and very close together. The male cleans the area by
fanning with the fins, making a shallow depression down to a firm
bottom of gravel, sand or mud. The same nest can be used by one or
more males, one after the other, during a spawning period. The
same male may have several spawning events within the same
season. The male defends. the nest before and after spawning. Eggs
hatch in 3-5 days at 2SoC; the new fry are transparent, and 2-3 mm
in length. For a period of up to eleven days the male guards the
young. After this time, the young leave the nest and the male
begins to clean the nest again in preparation for a second spawning
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(Breder 1936).
Sunfish of the genus Lepomis have been studied extensively
as model organisms in behavioral and community ecology, and
features of their mating systems make them particularly well
suited to the study of individual reproductive behavior and early
life history (Dupuis and Keenleyside 1988). There are also
numerous studies dealing with the importance of abiotic factors in
the spawning and survival of the early life history stages of
sunfish. (Jennings & Phillip 1994).
Small lakes to which the bluegill L. macrochirus is adapted,
in general have higher temperatures, higher DOC concentrations and
thus lower UV transmission than large lakes (Morris et at 1995).
In large lakes, ,where UVR penetration is higher, bluegill may be
under more UVR stress during the reproductive period when they
migrate to shallow and warm waters to build their nests. Such
selective pressure in the past may have led to the evolution of
some behavioral and/or physiological mechanisms to cope with
UVR damage. Alternatively, the UVR today may have negatively
affected their reproduction in such lakes due to the absence of
effective adaptation.
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In this research I examined the influence of ultraviolet light
on the success of the early life history stages of the bluegill
Lepomis macrochirus in two lakes with contrasting underwater
UV environments. I tested the three following hypotheses:
Hypothesis 1: Sunfish construct nests at deeper depths In
lakes with high underwater UV environments than in lakes
with low UV environments.
Fish might have been selected to nest deeper in lakes with higher
UV light penetration than in those in which UV light penetrates
less. Another possibility is that fish in low uV environments might
have been selected to spawn in shallower substrate due to thermal
advantages. These two possibilities are not mutually exclusive.
Hypothesis 2: When exposed to similar amounts of UV,
larvae from lakes with high underwater UV environments
have lower mortality than those from lakes with low UV
penetration.
Larvae from UV transparent lakes would be under greater selective
pressure to have evolved mechanisms to cope with UV damage (e.g.
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DNA repair mechanisms or photoprotective compounds). Fish from
low UV penetration environments would lack such mechanisms and
be subject to more damage.
Hypothesis 3: In high UV environments, deeper nesting
depths restrict sunfish larvae to lower temperatures and
consequently development times Increase.
Development of sunfish larvae at low temperature is slower than
larval development at higher temperatures, therefore the
development of bluegill larvae at deeper depths might be slower.
This is directly related to hypothesis one and it depends on the
validity of hypothesis 1.
8
METHODS
Lakes of study
Lakes Lacawac and Giles are temperate lakes located in
northeastern Pennsylvania, in watersheds with well developed
terrestrial vegetation (Moeller et al. 1995). Lake Lacawac is
located at 41°23'N, 75°18'W and an elevation of 439 m. Its surface
area is 21 hectares, its mean depth 5.2 m and its maximum depth
13 m (Moeller et al. 1995). Lacawac is a mesotrophic lake with a
concentration of DOC of about 5 mgtl, a Secchi depth of 4 to 6 m, a
1% attenuation depth for UV-B (305 nm) of less than 1 m (Moeller
et al. 1995) (Fig. 1), and a pH between 6.2 and 6.5. Lake Giles is
located at 41°23'N 75°06'W, at an elevation of 428 m. It has a
surface area of 48 hectares, a mean depth of 10.1 m, and maximum
depth of 24 m. Giles is an oligotrophic lake with a DOC
concentration of about 1 mgtl, Secchi depths between 13 and 16 m,
a UV-B (305 nm) 1% attenuation depth of 4 m (Fig. 1), and a pH
between 5.2 and 5.4. Lepomis macrochirus is present in both lakes
(Moeller et al. 1995).
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Light measurements
I measured the penetration of solar UVR in the water column at the
center of the two lakes, on July 1 and 17 in Lacawac and on July
10,16 and 24 in Giles using a Biospherical Instruments PUV-501.
From the data collected with these vertical profiles the diffuse
attenuation coefficients (Kd) were calculated (Hargreaves PCLP
database) from the slope of the linear regression between the
natural logarithm of the irradiance and the depth below the surface
of each lake. The incident UV is continuously integrated over 15
minutes intervals with a Biospherical Instrument GUV 521 on a
Cambell Scientific CR-10 data logger located in a weather station
near Lake Lacawac. I obtained these data from the PCLP database
where they had been analyzed and compiled by Dr. Bruce R.
Hargreaves. I used these data to estimate the irradiance to which
the organisms were exposed at each depth during the three
experiments. I estimated these with the equation:
(Equation 1)
where Ed(z} and Ed{O) are the downward irradiance at z (meters)
10
and just below the surface respectively, and Kd is the vertical
attenuation coefficient for downward irradiance (Kirk 1994).
Both instruments mentioned above provided measurements of
305, 320, 340 and 380 nm UVR bands (8-10 nm full width at half
maximum band width) (Kirk et al. 1994) during the experiments
(July 10·12 experiment 1, July 22-24 experiment 2 and July 23-
24, 1996 experiment 3) (Appendix 1).
Nest depth distribution
To test hypothesis 1, I recorded the depths of nest in lakes
Lacawac and Giles on June 14 to June 20, 1996 with an aluminum
pole marked at 1 cm intervals. These measurements were done
systematically along 20m linear transects from shore towards the
center of the lake, every ten meters along the lakes edge. I
recorded the depth of all the nests that were within 1m of the
transect until a total of 70 nests were measured in each lake. The
deepest depth I checked for presence of nests in both lakes was
4m. I analyzed the data with a Kruskal-Wallis non-parametric
ANOVA because they were not normally distributed. I estimated the
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percentage of surface irradiance at the different depths at which
the nests were found in each lake with equation 1.
Transplant experiments
I assessed hypothesis 2 by performing three experiments in the
middle of the lakes: a single reciprocal transplant experiment
(experiment 1), that consisted of incubating bluegill larvae in the
source lake (Lacawac or Giles), as well as in the target lake
(Lacawac or Giles); and two semi-transplant experiments
(experiments 2 and 3) in which larvae from Lacawac were
incubated in both lakes.
The larvae were collected directly from· one nest of each lake
between three and five days after hatching. They were incubated in
16mm diameter quartz tubes (transmits all wavelengths of solar
radiation) under four different light filter treatments. The ends of
the tubes were covered with 202~m mesh NiteX® to permit the
exchange of lake water. Each light filter treatment included four
replicate quartz tubes with five larvae each, shaded by a sheet (15
x 23 cm) of different types of acrylic. The types of acrylic included
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OP-4® (50% transmittance at 272 nm), OP-4 wrapped with Mylar®
D (50% transmittance at 316 nm), OP-2® (50% transmittance at
410 nm) and acrylic wrapped with black polyethylene (0%
transmittance) (Fig. 2). In both source and target lakes the light
filter treatments were suspended in a line at different depths for
each experiment: in experiments 2 and 3 at 0.1, 0.5 and 1.0 m in
both lakes, (for experiment 1 see figure 2). The depths were
determined from the natural depth distribution of the nests. Larval
survivorship was monitored daily until the yolk sac disappeared or
until the larvae died. At each depth, the temperature was recorded
every 15 minutes during each of the different experiments, with an
Optic Stowaway Data Logger (Onset Computer Corporation,
Pocasset MA) which has an accuracy of ± 0.2°C, a resolution of
0.01°C and a response time of 2 min. An arcsin transformation was
performed to normalize the data, and they were analyzed with a
multifactorial ANOVA.
In order to have an overview of the results of the three
experiments, and to assess their consistency I calculated the mean
proportion of larval survival for each irradiance filter treatment,
and I adjusted them for dark controls at each depth in each lake for
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(Equation 2)
all the experiments (Appendi~ 2). I correlated this to the UV
irradiance dose at 305, 320, 350 and 380 nm to which the
organisms were exposed which I calculated with equation 1.
To assure that the experimental design was not affected by
possible differences in the water quality in different regions of
the lakes (e.g. amount of humic substances), I estimated the 320
nm absorption coefficients (a, m-1) from the absorption (A) values
of whole water from the middle and from the shore of the lakes.
The water absorption was determined by spectrophotometry
(Shimadzu UV160U) using 10-cm quartz cuvettes and a blank of low
carbon deionized water. The absorption coefficients were
calculated with equation 2 and reported for a 1 m path (m- 1) (Table
1), (Morris et aI1995).
a= In(10)*A*1/1
where a is the absorption coefficient (m-1), A is the absorption at
320 nm and I is the cuvette path length in meters.
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Larval development in the nests
Finally, I tested hypothesis 3 by following the development from
eggs to free swimming larvae of three groups of 8 nests in both
lakes; each group at a different depth. The temperature at each
depth was recorded in the same way as the experiments from June
24 to July 24 1996.
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Figure 1. Vertical profiles of UV-B solar radiation (305 nm band of
PUV-501) of Lake Lacawac (high DOC concentrations) and Lake
Giles (low DOC concentrations. Both from April 27, 1995 at 13:00
p.m. in Lacawac (bright sun and variable clouds) and at 10:00 a.m.
in Giles (bright no sun wind).
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Lake Lacawac (High DOC)
Lacawac Larvae Incubation Giles Larvae
Depth
0.1
0.5
3.0
Lake Giles (Low DOC)
Lacawac Larvae Incubation Giles Larvae
Depth -~-__--~---r-
0.1
1.0
3.0
Figure 2. Experimental design of the reciprocal transplant
experiment. Dark control.: acrylic wrapped with black
polyethylene to remove all wavelengths (0% transmittance),
OP-2 a: removes UV radiation (50% transmittance at 410 nm),
OP-4 wrapped with Mylar® D lUI: removes most UV-B radiation (50%
transmittance at 316 nm), OP-4 .: transmits all UV (50%
transmittance at 272 nm).
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RESULTS
Light Measurements
Ultraviolet radiation measurements confirmed that UVR was much
more rapidly attenuated in Lake Lacawac than in Lake Giles. Table 1
shows, for example, that in experiment three the attenuation
depths (1 % of surface irradiance) for UV-B at 305 nm was 0.3 m in
Lacawac, while in Giles it was 5.756 m. This difference in the
attenuation depth, of more than one order of magnitude, was found
for both UV-A and UV-B. The UV irradiance to which the test
organisms were exposed in the three experiments was greater at
longer wavelengths, at shallower depths, and in Lake Giles (Table
2).
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Nest depth distribution
The depth distribution at which bluegill construct their nests
differs between the lakes. In Giles the nests are deeper
(median=1.10 m) than in Lacawac (median=1.0 m) (Kruskal Wallis
ANOVA by ranks, n=228, p<0.05, Fig. 3). The percentage of UV
surface irradiance was lower in nests in Lacawac than in Giles. In
Lacawac it was always below 8% of surface irradiance, while in
Giles it was between 32% and 72% (Fig. 4).
Transplant experiments
The absorption coefficients of the water of the middle and of the
shore of the two lakes are shown in table 3. Even though the
coefficients of absorption differ in the inshore and offshore
regions by up to 30%, the absorption coefficients differ by close to
an order of magnitude among lakes.
In the transplant experiments, mortality of the larvae
exposed to damaging solar radiation was evident from the opaque
white color of the larvae. At the end of the experiments all larvae
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(dead and alive) still had their yolk sac.
There was an effect of the lake of incubation on larval
survival in the reciprocal transplant experiment (experiment 1).
Larvae incubated in Lacawac had higher survival than larvae
incubated in Giles (Table 4). However no effect was found for the
source lake of the larvae in either of the experiments (Table 4).
In all experiments, larval survival was significantly
different among the light fiI~er treatments (Table 4). These
differences were apparently caused by the most exposed treatment
(full UV and visible light), which induced the greatest mortality of
bluegill. On the contrary, the least exposed treatments (dark
controls and UV shielded) had the lowest mortality (Table 4).
Larval survival in the treatment removing just UV-B was similar
to the one removing all UVR and visible light (Table 4).
Depth of incubation also had an effect on larval survival, but
only in experiments 1 and 3; when larval survival increased with
depth (Table 4). The interactions among depth and target lake in
experiments 1 and 2 were statistically significant (Table 4). In
experiment 1 the survival increased with depth in both lakes, and
it was lower at all depths in Giles than in Lacawac. The highest
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survival was found at 3.0 m in Lacawac, and the lowest at 0.1 m in
Lacawac and at 3.0 in Giles. In experiment 2, Giles had the highest
survival at 1 m, and it decreased at shallower depths, being the
lowest at 0.1 m. On the contrary, in Lacawac there is not an effect
of depth on larval survival.
There was no relationship between larval survival and the
dose (320 nm) to which the larvae in the tubes were exposed, for
the UVR and UV-B shielded treatments (OP-2 and Mylar) (Fig. 5).
However for the UV transparent filter (OP-4) larval survivorship
decreased with increasing irradiance dose (Fig. 5, Table 5), and
mortalities were generally higher than in the shaded treatments at
similar doses.
The water temperature of the three depths of all the
experiments in Lake Giles was very similar, with a· variation in the
means of less than half a degree. For example, in experiment three
the mean temperature at 0.1 m was 22.31 °C, at 0.5 m 22.45 °c and
at 1 m 22.08 °c (Table 6). This was also the case for Lake Lacawac,
with the exception of experiment 1, in which the temperature in
the first two depths (0.1 and 0.5 m) was 6.57 °c greater than the
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temperature at 3.0 m (Table 6).
Larval development In the nests
In the three groups of nests of a lake the water temperature was
almost the same. In both Lacawac and Giles it varied by less than a
degree (Table 7). Between the lakes, the temperatures of nests at
similar depths were also similar; the greatest variation was 1.27
degrees (Table 7).
The development time of the bluegills in both lakes was the
same. It took 10 days to develop from eggs to free swimming
larvae. At the beginning of the season (third week of June) the
nests of a same group were synchronized in a similar stage of
development, while at the end of the season (third week of JUly)
nests with fish in different stages of development were observed
within the same group.
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Table 1. Diffuse attenuation coefficients (Kd' m-1), attenuation
depths (depth at which irradiance = 1% of surface value, Za' m)
for ultraviolet radiation (305, 320, 340, 380 nm bands) of lakes
Lacawac and Giles, S.E.= standard error, Zmax= maximum depth
used as part of the regression analysis for calculating Kd's
(These data were computed and compiled by Dr. Bruce R.
Hargreaves)
Lake/Date Band (nm) Kd (m-1) S.E. Za ZMax
305 16.6 0.07 0.28 0.5
Lacawac 320 13.6 0.07 0.34 0.6
07/17/96 340 10.2 0.113 0.45 1
380 5.2 0.0212 0.89 1.9
305 0.753 0.0009 6.116 7.5
Giles 320 0.564 0.0008 8.165 7.5
07/24/96 340 0.426 0.0009 10.809 7.5
380 0.234 0.0008 19.679 7.5
23
Table 2. Total cumulative dose of ultraviolet radiation (J m-2 nm-1: 305, 320, 340,380 nm bands) during
the period of each experiment (Exp) at the different experimental depths (Z, m) in lakes Lacawac and
Giles (See Appendix 1 for calculations).
Lake Lacawac Lake Giles
Exp Z 305 320 340 380 I Z 305 320 340 380
1 0.1 395 4410 12600 28700 I0.1 1320 11900 25100 35300
1 0.5 < 1 19.3 210 3560 1.0 749 7650 18300 29600
1 3.0 < 1 < 1 < 1 < 1 3.0 212 2880 9110 20100
2 0.1 231 2480 7130 16500 10.1 1230 9720 20100 28600
I\)
~ 2 0.5 < 1 10.8 119 2050 I 0.5 912 7750 16900 26100
2 1.0 < 1 < 1 < 1 150 1.0 626 5850 13700 23200
3 0.1 174 1840 5330 12500 0.1 908 6940 14300 20600
3 0.5 < 1 8.1 88.8 1550 0.5 672 5540 12100 18700
3 1.0 < 1 < 1 < 1 114 1.0 461 4180 9760 16700
20
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Figure 3. Depth frequency distribution of bluegill nests in Lakes
Lacawac and Giles
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Figure 4 Nest frequency as a function of percentage of surface
irradiance (320 nm) at the depth of nests in Lakes Lacawac and
Giles
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Table 3. Absorption coefficients (a) at 320 nm of unfiltered water
from the middle and from the shore of the study lakes from June 25
to June 28 and from July 10 to July 11.
Lake
Lacawac
Giles
Location in the lake
Middle
Southern shore, east of the
dock
Middle
South shore, west of the
dock
27
-1
a (m )
6.90
8.95
0.70
0.80
Table 4. Multifactorial ANOVA summary table of experiments 1,2, and 3, the critical value used
was p<0.025. Target lakes (Lacawac and Giles, source lakes (Lacawac and Giles), light filter
treatments (Dark control, OP-2, OP-4 + Mylar, OP-4), incubation depths (0.1, 0.5, 1.0, 3.0).
Exp=experiment, SS=sum of squares, df=degrees of freedom, MS=mean square. Interactions not
shown were not significant.
Exp Source SS df M3 F p-Ievel
1 Target lakes 17374.71 1 17374.71 35.26 <0.0001 *
1 Source lakes 1362.03 1 1362.03 2.76 0.0999
1 Filter treatments 16228.44 3 5409.42 10.98 <0.0003*
1 Incubation depths 16554.61 1 16554.61 33.60 <0.0001 *
I\)
co 1 Depth X target 6095.85 1 6095.85 12.37 0.0007*
2 Target lakes 614.13 1 614.13 2.67 0.1065
2 Filter treatments 16910.07 3 5636.69 24.54 <0.0001 *
2 Incubation depths 1477.51 2 738.76 3.22 0.04616
2 Depth X target 1847.82 2 923.91 4.02 0.0223*
3 Target lakes 947.29 1 947.29 4.53 0.0369
3 Filter treatments 17184.58 3 5728.19 27.37 <0.0001 *
3 Incubation depths 4664.77 2 2332.39 11.14 <0.0006*
3 Depth X target 1030.79 2 515.39 2.46 0.09
II!II UVR opaque
~j) UV-B opaque
& UVR transparent
O-t--,r---r-......--..------r---r---r-----'T-......~
1.0E-14 1.0E-10 1.0E-06 1.0E-02 1.0E+02 1.0E+06
1.0E-12 1.0E-08 1.0E-04 1.0 1.0E+04
Dose 320 nm (J/m2/nm)
Figure 5 Bluegill larvae survival of the UVR opaque, UV-B opaque
and UVR transparent treatments adjusted for dark control at a
dose of 320 nm for the combined results of experiments 1,2,3,
lakes Lacawac and Giles and experimental depths (0.1, 0.5,1.0 and
3.0 m). The X axis is in logarithmic scale.
2
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Table 5. Relationship of larval survival (adjusted for dark controls)
and dose of different wavelengths of ultraviolet radiation for
OP-2, Mylar and OP-4 treatments for experiments 1, 2 and 3. The
critical value used was p<0.05 (*)significant.
Dose (nm) Treatment r r2 p
UVR opaque 0.14 0.02 0.5251
305 UV-B opaque 0.10 0.01 0.6536
UVR transparent -0.04 0.002 0.0593
UVR opaque 0.10 0.01 0.6665
320 UV-B opaque 0.10 0.01 0.6532
UVR transparent -0.47 0.22 0.0209*
UVR opaque 0.062 0.004 0.7736
340 UV-B opaque 0.10 0.01 0.6417
UVR transparent -0.53 0.28 '0.0075*
UVR opaque 0.004 0.00002 0.9848
380 UV-B opaque 0.10 0.01 0.6345
UVR transparent -0.63 0.40 0.0009*
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Table 6. Means and standard deviations of the temperature data
collected every 15 minutes during the time period of each
experiment at the different depths of the transplant experiments
in lakes Lacawac and Giles.
Experiment Lake Depth (m) Mean (OC) StandardDeviation
0.1 24.52 ?
Lacawac 0.5 24.11 0.64
3.0 17.54 0.31
1
0.1 22.47 1.36
Giles 1.0 22.38 1.24
3.0 22.38 1.38
0.1 23.41 1.37
Lacawac 0.5 23.18 1.12
1.0 22.77 0.98
2
0.1 22.47 1.82
Giles 0.5 22.59 1.70
1.0 22.30 1.68
0.1 23.74 1.45
Lacawac 0.5 23.30 0.95
1.0 22.75 0.51
3
0.1 22.31 0.58
Giles 0.5 22.45 0.51
1.0 22.08 0.27
31
Table 7. Means and standard deviations of the temperature data,
collected every 15 minutes from June 24 to July 14 at each depth
of the groups of nests in lakes Lacawac and Giles.
Lake Nest Depth (m) Means (OC) Standard Deviation
0.70 23.29 1.11
Lacawac 1.08 23.21 1.25
2.25 22.87 0.90
0.72 22.02 0.98
Giles 1.10 22.16 0.86
2.50 22.03 0.75
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DISCUSSION
Populations of organisms are controlled by abiotic and biotic
factors which often operate simultaneously. Previously published
studies demonstrate that predation (Reznick et 81 1990), food
availability (Deacon & Keast 1987), pH (Trippel, & Harvey 1987)
temperature and flood (Fox & Keast 1991, Jennings & Phillip 1994)
are of particular importance to the success of early life, history
stages of fish. Here I corroborate that DOC concentration is an
important factor controlling solar UV penetration in the water
column of lakes. I present evidence that in lakes with low DOC
concentrations UV·B may be an important selective force due to
the high mortality observed in L. macrochirus larvae in lake Giles.
Nest depth distribution
The higher levels of mortality in the reciprocal transplant
experiment in Lake Giles, and the depth distributions of the nests
suggest that bluegill have been selected to construct their nests
deeper in lakes with high UVR penetration than in lakes with low
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UVR underwater environments. The depth range in which bluegill
males construct their nests is similar in both lakes; however, a
higher concentration of nests was found at the shallowest depths
of Lacawclc (1.0m and 1.30m), and at the deepest waters of Giles
(2.50m). These results show that bluegill nest depth distribution in
Giles is shifted to deeper water, but it is not outside the whole
UVR range.
Water temperature and availability of suitable substrate (e.g.
sand and fine gravel) are also important factors determining
bluegill's nest distribution· (Steveson et al. 1969). The fact that
water temperature varied less than a degree between nests sites
within lakes suggests that this sunfish requires certain water
temperature to have a successful larval development. This may be
one of the reasons why bluegill males in high UVR environments do
not build their nests deep enough to avoid UVR damage. Using
equation 1 I estimated that bluegill of Lake Giles, would have to
build their nests at 4.0m to avoid 8% of surface irradiance (320
nm). Water temperature (19°C) 'at this depth in mid June (when the
bluegills reproductive season begins) is 3 degrees lower than the
water temperature registered at the deepest nests (22°C) of this
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lake. It has been reported that temperature is not only important
for larvae hatching and development (Breeder 1932), but also for
nest construction, bluegill will not begin cleaning their nests until
temperature is 21°C (Scott & Crosman 1973). Thus these
temperature differences suggest that bluegill have a trade-off
between temperature and UVR, and that they prefer to avoid cold
water more than high UVR levels. Another factor that may be
influencing the nest distribution in Giles is the substrate. Because
of the steep slope of the bottom of this lake, there do not seem to
be suitable nesting substrate at depths deeper than 5.0m. On the
other hand, both Lacawac and Giles have ample suitable substrate
over the full range of depths where the nests were found, excluding
the possibility that there is not enough shallow substrate in Giles
(Le. at 1.0m) or enough deep substrate at Lacawac (Le. at 2.5m)
that could be used by the bluegill.
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Larval mortality In lakes with high and low UV
penetration
Organisms have several ways to reduce UV photodamage: behavioral
avoidance, production of photoprotective compounds and
photorepair mechanisms (Zagarese & Williamson 1994). The fact
that there were no differences in the survivorship between the
larvae of Giles and Lacawac when incubated in either of the lakes
suggests that bluegill from low DOC lakes have not evolved
physiological mechanisms to cope with UV damage or that larvae
from both lakes have the same mechanism. In contrast to
hypothesis 2, individuals of this species may not differ in their
photoprotective compounds or in their repair mechanisms among
lakes with different UVR intensities. Photoprotective compounds,
such as pigments and mycosporine-Iike amino acids (MAA's)
(Siebeck et al. 1994) and photorepair mechanisms (Shima &
Setlow 1984) have been identified in fish eggs and adults. For this
. study, Dr. Robert E. Moeller looked for photoprotective compounds
in L. macrochirus larvae of both lakes, by performing a HPLC
analysis of UV absorbing compounds extracted into 55% methanol
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(method of Karentz et at 1991). Two compounds with an
absorption peak at 280 nm were observed in the larvae of both
lakes, as well as two different longer wavelength UV absorbing
compounds in fish of each lake (peak absorbances at 321 and 360
nm in Lacawac and 321 and 331 nm in Giles). The fact that bluegill
of both lakes have two possiblEifPhotoprotective compounds
absorbing in the low and middle UV-A might contribute to their
greater resistance to UV-A than UV-B irradiance.
The results of the distribution of nesting depths, and the fact
that no differences were found between Lacawac and Giles larvae
on the susceptibility to UVR, suggest that L. macroehirus may have
responded behaviorally to the high levels of UVR in low DOC lakes.
Although in this study there is no indication of the mechanisms
that bluegill may use to detect and evaluate UVR, there is evidence
of the presence of specific pigments which absorb UV light (300-
380 nm) in the ocular tissues of 52 tropical marine species
(Walter et al. 1989), and of a pigment with an absorbance peak of
400 nm in the corner cones of the eyes of juvenile yellow perch,
Perea f1aveseens (Loew & Wahl 1991).
The similarity of the survivorship between the treatment
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that removes all UVR and the one removing just UV-B suggests that
there is no damage caused by UV-A. In fact, it may be possible that
bluegill larvae use UV-A light as a source of photons for DNA
photorepair. It has been reported, for two marine fishes, that
photoenzymatic repair requires the presence of photons within the
UV-A/visible range of light (Regan et al. 1982).
Larval survival at different incubation depths in the
experiments is consistent with the results obtained for the amount
of UVR to which the organisms were exposed at each depth during
the experiments: mortality increases at shallower depths. In these
experiments temperature could not be a confounding variable
because no change in this environmental factor was found between
depths in either of the lakes. Moreover the temperature between
the nesting sites and the middle of the lake varied by less than a
degree. These results support the theory that in the surface waters
of Giles (0.1-3 m) ultraviolet light reaches such levels that
produces more damage, while in Lacawac this effect is reduced
since similar amounts of UV light are only found at 0.1 m or less.
The results of the regression analysis of larval survival vs
320 nm dose for the three experiments are consistent with the
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outcome of the ANOVA of the individual experiments. The fact that
there is a correlation between survival and dose at 320 nm only in
the UV-B transparent treatment (OP-4) also supports the
hypothesis that bluegill larval mortality is caused by UV-B. The
q
lowest survivorship of this treatment again suggests that it is UV-
B and not UV-A that causes the mortality of bluegill larvae.
These results also showed that there is some larvae mortality in
Lake Lacawac at very shallow waters (0.1 m). Such levels of
mortality are similar to those observed in Giles at 3.0m, but are
much lower than larval mortality in Giles at 0.1 m and 0.5m and
even at 1.0m.
Predictions
I predicted the larval survivorship for a hypothetical exposure to
peak UV-B irradiance: exposure over three days (duration of the
longest experiment) to the UVR (320 nm) dose equivalent to June 9,
1994 (sunniest day of summer 1994-96) and to the sunniest day of
the summer this study was performed (June 23 1996) at maximum,
median and minimum depths of the nests in each lake. Larval
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survivorship was estimated from the line that passes through the
mean of each cluster of points corresponding to the UVR
transparent treatment of figure 5. The results for 1994 peak UV-B
indicated that the mean larval survival in the nests at Lake
Lacawac was much higher than in Lake Giles (Table 6). While in
Lacawac the proportion of survivorship after three days was
similar at the three depths (0.8, 0.7 and 0.6 respectively for
maximum, median and minimum depths), in Giles it was higher
(0.48) in the nests at the maximum depth than at the median (0) or
minimum (0) depths (Table 6). The predictions for peak UV-B in
1996 had this same tendency. In Giles the survivorship decreased
at shallower depths: at the maximum depth the survivorship was
0.5, and at the median and minimum depths was O. In Lacawac it
was 1 at the maximum depth, 0.7 at the median and 0.6 at the
minimum depth (Table 6). From these results it appears that
bluegill larvae in the nests in Lake Giles are exposed to very high
levels of damaging solar radiation. The nest frequency
distributions shows that the peak frequency of nests (1.3 m) found
in Giles is greater than the median nest depth. This frequency peak
in Giles is deeper than the peak frequency of nests in Lacawac (1.0
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m). Moreover, the few nests found in Giles at depths of 2.5, do not
appear to show counterparts in Lacawac (Fig. 3). Although some
nests in Giles were found at very shallow depths «0.7 m), they
were not active (i.e. no males were defending them). On the other
hand the nests found in Lacawac at those same depths always had a
guarding male.
In Lake Lacawac, the survival is similar between depths of
the nests. Therefore UVR does not seem to be an important factor
controlling the depth distribution of the nests within the lake
probably due to the higher concentrations of DOC of this lake
(Morris et al. 1995). These results are consistent with the much
higher percentage of surface irradiance reaching Giles nests (32%-
72%) than in the nests of Lacawac «8%).
In spite of the high levels of UVR to which the bluegill are
exposed in Giles during the reproductive season, it seems that this
fish is not as responsive to UVR as yellow perch is. While
Williamson et al. (in press) found a marked differentiation in the
distribution of spawning depths of yellow perch between low and
high DOC lakes, in the bluegill there is a substantial overlap in the
nesting depths between the two studied lakes. The different
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responses of these two fish species could be caused by yellow
perch having a more successful ability to detect UVR.
Larval development
Water temperature data of nests at reciprocal depths between
lakes do not support hypothesis 3. Bluegill larvae are exposed to
similar temperatures in the two lakes, therefore development
times are likely to be similar in these lakes with contrasting
underwater UV environments. This suggests that it is unlikely that
bluegill nests are at higher densities in the shallower substrate of
LacawaG. due to thermal advantages. Other environmental factors,
that were beyond the scope of this study, such as waves, predation
or vegetation may be influencing the observed pattern of nest
distribution.
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The results of this study have shown that UV-B in UV
transparent lakes has an important negative effect on the
reproduction and on the success of early life history stages of the
bluegill L. macrochirus . However further studies that investigate
the mechanisms that bluegill may have to detect UVR are
necessary. In the same sense it will be important to quantify larval
mortality directly in the nests and to study other factors
controlling nest depth distribution.
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Table 8. Prediction of bluegill larval survival at the minimum,
median and maximum depths of the natural distribution of the
nests in lakes Lacawac and Giles, under a three day dose UV-B dose
(J m-2 nm-1, 320 nm) of the sunniest day of summer of 1994-96
(June· 9, 1994) and for the sunniest day of summer 1996 (June 23
1996).
Date Lake UV-B dose Depth (m) Survival
24.34 0.6 0.6
Lacawac 0.75 0.9 0.7
June 9, 1994 < 1.0 2.0 0.8
21000 0.4 0
Giles 14798.76 1.1 0
7348.84 2.5 0.48
9.96 0.6 0.6
Lacawac 0.2015 0.9 0.7
<1.0 2.0 1.0
June' 23, 1996
19895.16 0.4 0
Giles 14019.88 1.1 0
6962.07 2.5 0.5
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Appendix 1
For each wavelength of ultraviolet solar radiation (305, 320, 340
and 380 JlW:cm2 :nm 15 minute average) I calculated the cumulative
dose to which the organisms were exposed in each experiment
(from the data of the incident UV) by adding the daily irradiance
exposure. I transformed to J/m2/nm by multiplying the sum of
incident irradiance times the conversion factor 9. The conversion
factor is 9 because:
W=J/s
to transform from Jl,W to Jl,J/s:
mUltiply times 900 seconds/15 min
to transform from Jl,J/cm2 to J/m2 :
multiply times 10.6 to convert from Jl,J to JI and multiply times
104 to convert from cm2 to m2 so:
(900 seconds/15 min) X (10.2 (from 10.6 X 104»= 9
52
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Finally to obtain the cumulative dose for each experimental
depth I applied equation 1. I used the Kd for each wavelength, of
each lake of incubation and of the closest day from the
experiments (Table 1). The estimated cumulative doses of
ultraviolet radiation for the UV bands mentioned above during the
period of each experiment are summarized in Table 2. In table 9 I
present, as an example, the calculations for organisms incubated in
Lake Lacawac from July 7 to July 10 1996 at 0.1m, 0.5m and 3.0m
(UV 305).
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Table 9. Calculations of the cumulative dose of UV 305 to which
organisms incubated in Lake Lacawac in experiment 1 were exposed
at 0.1 m, 0.5m and 3.0m.
Dates of the experiment
Daily irradiance (UV305
IlW:cm2:nm) exposure
07/10/96 88.5966
07/11/96 89.44154
07/12/96 51.71581
SUM INCIDENT IRRADIANCE = 229.754 (IlW:cm2:nm)
CONVERSION FACTOR (X9) = 2.07E+03 (J/m2/nm)
LACAWAC Kd = 16.56 (m-1)
APPLYING EQUATION 1 FOR EACH DEPTH:
0.1 m 3.95E+02
0.5m 5.24E-01
3.0m 5.49E-19
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APPENDIX 2
I calculated the mean proportion of larval survival of the four
replicates of each light filter treatment (dark control, OP-4, OP-2,
Mylar) at the different experimental depths (0.1 m, 0.5m, 1.0m,
3.0m) of the two lakes of incubation (Lacawac and Giles). I divided
the mean larval survival by its corresponding mean larval survival
of the dark control (Table 10). To correlate the mean larval
survival to the dose to which the organisms were exposed I used
the corresponding UV irradiance dose for each experiment, lake,
depth and wavelength (305, 320, 350 and 380 nm) previously
computed with equation 1 (Table 2). For more information look the
electronic files: Survival vs dose (Microsoft Excel for Macintosh)
or Surdose.WQ1 (Quattro Pro for Windows) which are available at
the Department of Earth and Environmental Sciences with
Professor Craig E. Williamson.
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Table 10. Means of larval survival (MSL) of the dark controls of the
three experiments at the three incubations depths (10) in the lake
of incubation (IL), Exp= experiment, OL= lake of origin.
Exp 10 a.. IL MLS
1 0.1 Lacawac Lacawac 2.25
1 0.5 Lacawac Lacawac 5
1 3.0 Lacawac Lacawac 5
1 0.1 Giles Lacawac 4.75
1 0.5 Giles Lacawac 5
1 3.0 Giles Lacawac 3.75
1 0.1 Giles Giles 1.75
1 1.0 Giles Giles 2.25
1 3.0 Giles Giles 2.75
1 0.1 Lacawac Giles 2
1 1.0 Lacawac Giles 2.5
1 3.0 Lacawac Giles 2.75
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Table 10. Continues
Exp 10 ex.. IL MLS
2 0.1 Lacawac Lacawac 4
2 0.5 Lacawac Lacawac 5
2 1.0 Lacawac Lacawac 4.25
2 0.1 Lacawac Giles 4.75
2 0.5 Lacawac Giles 4.75
2 ';.0 Lacawac Giles 5
3 0.1 Lacawac Lacawac 4.25
3 0.5 Lacawac Lacawac 4.75
3 1.0 Lacawac Lacawac 3.75
3 0.1 Lacawac Giles 2.75
3 0.5 Lacawac Giles 4.5
3 1.0 Lacawac Giles 5
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